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Abstract

The purpose of this study was to clarify the effects of individual infection control measures
and physical distancing on pediatric medical care in a local prefecture in Japan, where the
incidence of coronavirus disease (COVID-19) in pediatric patients was extremely low. We
extracted data from hospital records on the number of outpatients, inpatients, infectious dis-
ease consultations, and consultations for representative pediatric diseases. We compared
attendance in 2017-2019, before the COVID-19 pandemic, with 2020, when COVID-19
spread to Japan. There were no COVID-19 patients in the pediatric department during the
study period. The total number outpatient visits decreased by 24.4%, and the number of
hospital admissions, excluding neonatal care unit admissions, decreased by approximately
35%. There was a marked reduction in the number of hospitalizations for infectious diseases
such as influenza (-74.8%) and respiratory syncytial virus infection (-93.5%), and the num-
ber of hospitalizations for bronchitis/pneumonia, Kawasaki disease, and bronchial asthma
decreased. In contrast, the number of clinical psychological interventions and cases
reported to the child guidance center increased. In the context of pandemic infectious dis-
eases, it is important to control the spread of problematic infectious diseases by individual
infection control measures and physical distancing. However, it is necessary to maintain
social life as much as possible for the mental health and physical development of children.

Introduction

Coronavirus disease (COVID-19), which is caused by severe acute respiratory syndrome coro-
navirus 2 (SARS-CoV-2), was confirmed in Wuhan in the People’s Republic of China in
December, 2019 and subsequently spread globally [1]. The first case of domestic infection
occurred in Japan on January 15, 2020. In response to an increasing number of COVID-19
cases, the Japanese government issued an emergency declaration on April 7, 2020, leading to a
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lockdown limited to large cities [2]. The lockdown was extended nationwide on April 16 and
continued until May 25 [3]. Although many countries, including several European countries,
carried out a strict lockdown during the COVID-19 pandemic, the lockdown in Japan was
mild compared with some other countries. Each prefectural governor asked the residents to
refrain from going out unnecessarily, and recommended that people and companies restrict
the use of stores and facilities and work remotely. These measures were voluntary [4]. All
schools were closed except for infant daycare centers and nursery schools from March 2 to the
end of May. At the same time, the public was encouraged to take infection control measures
such as using face masks and hand washing, and to avoid the “three Cs” (Closed spaces,
Crowded places, and Cross-contact settings) by physical distancing [5]. The number of outpa-
tient visits, not only for adults but also for children, is reported to have decreased in emergency
hospitals after the spread of COVID-19 [6-8]. These reports compared the number of emer-
gency patients during the lockdown period with the same period in the previous year. It has
not been determined whether the decreased number of patients was due to the strict lockdown
or to the suppression of infectious diseases as a result of infection control measures and physi-
cal distancing.

This study aimed to clarify the effects of individual infection control measures and physical
distancing on pediatric medical care, including the number of outpatients, inpatients, infec-
tious disease diagnoses, and other representative diseases, at a pediatric emergency referral
hospital in a local prefecture in Japan, where strict lockdown was not implemented and the
incidence of pediatric COVID-19 was extremely low.

Materials and methods

This study was an observational descriptive study of yearly and monthly pediatric patients at
the Tokushima Prefectural Central Hospital before and after the onset of the COVID-19 pan-
demic. This study was conducted with the approval of the Tokushima Prefectural Central Hos-
pital Ethics Committee (approval number 20-26). We accessed the data from January 2021 to
February 2021. All data were fully anonymized before we accessed them. The requirement for
informed consent was waived because the study was a retrospective study.

Participants

All patients who received medical care in the hospital pediatrics department from January 1,
2017, to December 31, 2020, were included in the study. We extracted data for the study period
from medical records. We analyzed the total number of pediatric outpatients, the number of
pediatric emergency consultations, the number of general pediatric inpatients, excluding
patients in the neonatal intensive care unit (NICU) and growing care unit (GCU).

Tokushima Prefecture is located on the eastern side of Shikoku Island in Japan. As of July 1,
2020, the total population of Tokushima Prefecture was 722,653, and the population of chil-
dren less than 15 years old was 80,202 (41,242 male and 38,960 female) [9]. The hospital is
located in Tokushima City, the central city of the prefecture, and plays a role as a pediatric
emergency referral hospital. In principle, the pediatrics department provides medical care for
patients under the age of 15 years. The hospital accepts pediatric referral patients and emer-
gency transport patients from throughout Tokushima Prefecture 24 hours a day. The hospital
accepts mostly secondary and tertiary emergency patients after hours from 17:00 to 8:30 the
following day on weekdays, and the full day on weekends and holidays. After hours primary
emergency patients are treated at some pediatric private clinics and holiday-night clinics estab-
lished by Tokushima City. However, the pediatrics department also accepts primary emer-
gency patients from 22:30 to 8:30 the following day because of the closure of all the primary
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care clinics. The department does not provide surgical care for trauma because these patients
are treated by the general emergency doctors. The hospital cares for newborns born after 30
weeks of gestation, accepts transfers of pregnant women and newborns from neighboring
obstetric medical institutions, and provides medical care in the NICU and the GCU. In addi-
tion, the hospital established a medical care system to accept and treat both adults and children
with COVID-19 as the main public medical institution in the prefecture.

Data collection and analysis

Data were extracted from the medical records of pediatric patients. We performed a descrip-
tive analysis using the Microsoft Excel (Microsoft Corporation, Redmond, WA) software, ver-
sion 2019. The following five items were analyzed:

#1. Changes in the number of outpatients;

#2. Changes in the number of inpatients;

#3. Changes in the number of infectious diseases;

#4. Changes in the number of inpatients with representative pediatric diseases;

#5. Changes in the numbers of clinical psychological interventions and cases reported to the
child guidance center.

We calculated the annual number of the cases for each year from 2017-2020. We compared
each item in 2017-2019, before COVID-19 pandemic, and in 2020, when COVID-19 was
reported in Japan. In addition, we compared the average number of patients in 2017-2019
with that in 2020.

For #1, we counted the total number of pediatric outpatients, pediatric emergency patients,
and pediatric referrals. For #2, we counted the number of general pediatric, NICU, and GCU
inpatients. For items #1 and #2, monthly data were examined in addition to the total number
for one year. For #3, the hospital is an influenza sentinel surveillance site and a National Epide-
miological Surveillance of Infectious Diseases site, which is an epidemiological survey system
for infectious diseases in Japan. Surveillance includes influenza, respiratory syncytial virus
(RSV) infection, pharyngoconjunctival fever, group A streptococcal pharyngitis, infectious
gastroenteritis, chickenpox, hand-foot-and-mouth disease, erythema infectiosum, exanthem
subitum (roseola infantum), herpangina, and mumps. Influenza included types A and B. Infec-
tious gastroenteritis was limited to viral infections. We used these surveillance data as annual
data. Monthly data were extracted for influenza, RSV infection, and infectious gastroenteritis,
which are all common infections. We performed antigen and nucleic acid amplification tests for
SARS-CoV-2 when there was a possibility that the patient had SARS-CoV-2 infection. For #4, we
investigated bronchitis/pneumonia, Kawasaki disease, status epilepticus, bronchial asthma, and
urinary tract infections, which are representative diseases that are common causes of hospitaliza-
tion in children. For #5, we first counted the total number of patients who were referred to the
clinical psychologists for psychological interventions. Children with physical symptoms such as
chest pain, abdominal pain, and visual impairment, but no abnormalities detected on examina-
tion were judged to be psychophysiological disorders. We also examined suicide attempts and
child deaths. We next counted the number of cases of suspected child abuse based on informa-
tion about abusive trauma, including subdural hematoma, bleeding in the fundus of the eye,
head fracture, and neglect. Such cases are required to be reported to the child guidance center
through medical social workers. Of these, the number of abusive head trauma (AHT) in infants
and children was counted as an indicator of severe forms of child abuse.
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Results
Changes in the number of outpatients

As shown in Table 1, the total number of pediatric outpatients exceeded 8000 per year in
2017-2019, but it decreased to 6624 (-24.4%) in 2020. The number of pediatric emergency
patients exceeded 3000 per year in 2017-2019 but decreased markedly to 1695 (-51.5%) in
2020. The number of pediatric referrals exceeded 1600 per year in 2017-2019 but decreased to
1258 (=27.7%) in 2020. The tendency for a greater number of male patients than female
patients remained consistent throughout the study period. There was also no change observed
in the age distribution in 2020 compared with 2017-2019, although the decline of patients
over 10 years of age was less marked. Monthly data on the number of total pediatric outpa-
tients showed a constant decline throughout the year 2020 (Fig 1A). In particular, the number
of emergency patients strongly declined during the lockdown period and was sustained there-
after (Fig 1B). The number of patient referrals declined during the lockdown period and has
continued to decrease after July; however, the decline was less marked than the decline in
emergency patients (Fig 1C). We had no remote or telephone consultation practice.

Changes in the number of inpatients

As shown in Table 2, the number of general pediatric inpatients was around 1000 in 2017-
2019 but decreased to 691 (—34.7%) in 2020. Monthly data on general pediatric inpatients
showed a decline in all months except November (Fig 2A). The number of NICU and GCU
inpatients in 2020 was slightly lower than that in 2019, but it was higher than that in 2017 and

Table 1. Yearly changes in the number of outpatients.

2017 2018 2019 2020 % Change
Total pediatric outpatients 8916 8530 8836 6624 -24.4
Age (years), n (%)
0-4 5508 (62) 5202 (61) 5223 (59) 3827 (58) -279
5-9 1803 (20) 1709 (20) 1902 (22) 1325 (20) -26.6
10-15 1375 (15) 1405 (16) 1517 (17) 1306 (20) -8.8
>16 230 (3) 214 (3) 194 (2) 166 (3) -22.1
Female sex, n (%) 3805 (43) 3619 (42) 3849 (44) 2961 (45)
Pediatric emergency outpatients 3649 3434 3402 1695 -51.5
Age (years), n (%)
0-4 2569 (70) 2396 (70) 2305 (68) 1165 (69) -51.9
5-9 698 (19) 612 (18) 703 (21) 299 (18) -55.4
10-15 374 (10) 420 (12) 388 (11) 226 (13) 426
>16 8 (0) 6 (0) 6 (0) 5 (0) -25.4
Female sex, n (%) 1559 (43) 1522 (44) 1433 (42) 741 (44)
Referral outpatients 1666 1682 1873 1258 -27.7
Age (years), n (%)
0-4 1136(68) 1192(71) 1261(67) 803(64) -32.9
5-9 308(18) 280(17) 362(19) 257(20) -18.9
10-15 214(13) 205(12) 242(13) 191(15) -13.2
>16 8(0) 5(0) 8(0) 7(1) 0
Female sex, n (%) 708(42) 726(43) 804(43) 553(44)
% Change means the change from the average number of patients in 2017-2019 to that in 2020.
https://doi.org/10.1371/journal.pone.0258478.t001
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Fig 1. Changes in the number of outpatients by month and year. A: Total pediatric outpatients; B: Pediatric
emergency outpatients; C: Referral outpatients. (S1-S3 Tables).

https://doi.org/10.1371/journal.pone.0258478.9001

2018. The decrease by three cases in December 2020 was due to the limited number of beds
avaijlable and long-term room occupancy by three very low birthweight babies who required
care in the NICU for an extended period (Fig 2B). The tendency for a slight preponderance of
males to be treated in the pediatric ward, the NICU, and the GCU did not change during the
study period.

Changes in the number of infectious diseases

The annual number of several indicator infectious diseases is shown in Table 3. There were
>100 cases of influenza each year in 2017-2019, but has decreased to 35 cases (—74.8%) in
2020. In 2020, there were 29 cases of influenza in January, five in February and one in March.
There were no outpatient or inpatient cases of influenza from April to the end of December
2020 (Fig 3A). The number of cases of RSV infection was >200 per year in 2017-2019 but
showed a marked decline to 15 (-93.5%) in 2020. In 2020, there was only one patient with
RSV after July when the number of patients usually begins to increase (Fig 3B). There were no
patients with hand-foot-and-mouth disease, which is commonly seen from June to August.
The number of cases of herpangina also decreased from 26 cases in 2019 to two in 2020
(—88.9%). There were 385-531 cases of infectious gastroenteritis per year in 2017-2019, but

Table 2. Yearly changes in the number of inpatients.

General pediatric inpatients
Age (years), n (%)
0-4
5-9
10-15
>16
Female sex, n (%)
NICU/GCU inpatients

Female sex, n (%)

2017 2018 2019 2020 % Change
965 1072 1141 691 -347
741 (77) 843 (79) 837 (73) 485 (70) -39.9
147 (15) 134 (13) 193 (17) 128 (19) -19.0
71 (7) 94 (9) 107 (9) 76 (11) -16.5
6 (1) 1(0) 4(0) 2 (0) -459
391 (41) 435 (41) 488 (43) 292 (42)
129 115 154 136 +2.5
57 (44) 48 (42) 53 (34) 63 (46)

% Change means the change from the average number of patients in 2017-2019 to that in 2020.

https://doi.org/10.1371/journal.pone.0258478.t002
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Fig 2. Changes in the number of inpatients by month and year. A: General pediatric inpatients; B: NICU and GCU
inpatients. NICU: neonatal intensive care unit; GCU: growing care unit. (54 and S5 Tables).
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the number of cases decreased to 216 (—53.9%) in 2020. Specifically, the incidence of infectious
gastroenteritis was lower from April to June and in December compared to the monthly data
from to 2017-2019 (Fig 3C). Group A streptococcal pharyngitis occurred in 13 cases (-7.1%),
which was similar to the previous year. The number of cases of exanthem subitum increased
by 82.3% from 2017-2019. In addition, there were no cases of pharyngoconjunctival fever,
chickenpox, erythema infectiosum, or mumps in 2020. There were no cases of pediatric
SARS-CoV-2 infection.

Changes in the number of inpatients with representative pediatric disease

There were >100 cases of bronchitis/pneumonia per year in 2017-2019, but the number of
cases decreased to 44 (—74.2%) in 2020. There were 65-72 cases of Kawasaki disease per year
in in 2017-2019, but this decreased to 47 cases (-31.2%) in 2020. Status epilepticus was 15-26
cases in the past 3 years, but increased to 32 cases (+54.6%) in 2020. Bronchial asthma
decreased from to 39-46 cases to 19 cases (—=55.1%). There was no marked change in the num-
ber of cases of urinary tract infection (Table 4).

Table 3. Yearly changes in the number of infectious diseases.

Influenza

RSV infection
Pharyngoconjunctival fever
GAS pharyngitis

Infectious gastroenteritis
Chickenpox
Hand-foot-and-mouth disease
Erythema infectiosum
Exanthem subitum
Herpangina

Mumps

2017 2018 2019 2020 % Change
116 129 173 35 -74.8
222 223 244 15 -93.5

3 0 0 0 N/A
17 14 11 13 -7.1
385 531 492 216 -53.9
0 1 1 0 N/A
32 9 26 0 N/A
0 0 3 0 N/A
23 16 22 37 +82.3
12 16 26 2 -88.9
20 2 1 0 N/A

% Change means the change from the average number of patients in 2017-2019 to that in 2020.

GAS, group A streptococcus; N/A, not applicable; RSV, respiratory syncytial virus.

https://doi.org/10.1371/journal.pone.0258478.t1003
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Changes in the numbers of clinical psychological interventions and cases
reported to the child guidance center

Clinical psychological intervention was started in 2018. Patients were more likely to be female
and tended to be more than 10 years old (Table 5). The number of psychological interventions
was 211 (+257.6%), and the number of new patients increased to 19 (+72.7%) in 2020. There
were two suicide attempts in 2018, one in 2019, and one in 2020 but no completed suicide
throughout the study period. There were 2, 2, 1, and 2 cases of child death in 2017, 2018, 2019,
and 2020, respectively. The number of cases reported to the child guidance center increased to
11 (+64.2%) in 2020. Eight out of 11 cases were children under 4 years old, and half of them
were AHT in 2020.

Discussion

There were no cases of SARS-CoV-2 infection seen in the pediatrics department during the
study period. According to the Tokushima Prefecture authorities, there were only two cases of
COVID-19 in children under the age of 15 years reported in Tokushima Prefecture in 2020
[10], and 199 cases in the prefecture overall (0.03% of the total population). Compared with
the incidence of COVID-19 in many other countries and the urban regions of Japan, the
COVID-19 epidemic within the prefecture was light in 2020 [11, 12].

The present study demonstrated that both the number of outpatients and inpatients
decreased remarkably in a setting where COVID-19 was controlled. To clarify the cause, we

Table 4. Yearly changes in the number of inpatients with representative pediatric disease.

Bronchitis/Pneumonia
Kawasaki disease
Status epilepticus
Bronchial asthma

Urinary tract infection

2017 2018 2019 2020 % Change
122 246 144 44 -74.2
68 65 72 47 -31.2
26 15 21 32 +54.6
42 39 46 19 —-55.1
26 35 33 26 -16.9

% Change means the change from the average number of patients in 2017-2019 to that in 2020.

https://doi.org/10.1371/journal.pone.0258478.t1004
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Table 5. Yearly changes in the numbers of clinical psychological interventions and cases reported to the child guidance center.

2017 2018 2019 2020 % Change
Clinical psychological interventions - 46 72 211 +257.6
New patient - 11 11 19 +72.7
Age (years), n (%) -
0-4 - 0 (0) 1(9) 1(5) +100.0
5-9 - 2(18) 1(9) 3 (16) +100.0
10-15 - 8 (73) 9(82) 14 (74) +64.7
>16 - 1(9) 0 (0) 1(5) +100.0
Female sex, n (%) - 6 (55) 9 (82) 15 (79)
Cases reported to the child guidance center 8 4 8 11 +64.2
Age (years), n (%)
0-4 5(63) 3(75) 6 (75) 8(73) +70.2
5-9 2(25) 0(0) 0 (0) 0(0) N/A
10-15 1(13) 1(25) 2 (25) 2(18) +53.8
>16 0 (0) 0(0) 0 (0) 1(9) N/A
Female sex, n (%) 2 (25) 2 (50) 4 (50) 6 (55)
AHT 1 0 1 4 +497.0

% Change means the change from the average number of patients in 2017-2019 to that in 2020.

AHT, abusive head trauma; N/A, not applicable.

https://doi.org/10.1371/journal.pone.0258478.t1005

investigated changes in infectious diseases and representative diseases of pediatric inpatients.
The incidence of infectious diseases, such as influenza, RSV infection, hand-foot-and-mouth
disease, and herpangina, were very low after the start of the COVID-19 pandemic. These find-
ings are consistent with previous reports showing reductions of respiratory infections in the
first wave of the COVID-19 pandemic [13, 14]. The decrease in infectious disease is likely to
be due to individual infection control measures such as the use of face masks, hand washing,
and physical distancing. The reduction of bronchitis/pneumonia and bronchial asthma may
be attributable to the decrease in infectious diseases, suggesting that these conditions are trig-
gered and exacerbated by infectious diseases. The number of patients with Kawasaki disease
also decreased. The association between the decline of Kawasaki disease patients and the
decreased incidence of infectious diseases suggests that vasculitis, as occurs in Kawasaki dis-
ease, might be triggered by infectious diseases. Multisystem inflammatory syndrome in chil-
dren (MIS-C) shares some symptoms with Kawasaki disease and is triggered by SARS-CoV-2
infection. In contrast to Kawasaki disease, MIS-C has been reported more frequently among
children with COVID-19 in Europe and the United States than in Asian countries, where the
incidence of MIS-C is low [15]. It is necessary to elucidate the pathogenic mechanism of Kawa-
saki disease and MIS-C, including genetic susceptibility [15, 16]. The degree of reduction in
urinary tract infection was not obvious. Considering the large decrease in respiratory infec-
tions, our data was coincident with a relatively increased prevalence of urinary tract infections
among pediatric fever patients in Taiwan [17]. The number of inpatients due to status epilepti-
cus, which is often induced by high fever based on infectious diseases, increased 1.5-fold. The
increased incidence of status epilepticus may be partly related to an increase in children with
exanthem subitum at the hospital. The total number of exanthem subitum cases reported in
Tokushima Prefecture was similar to the previous year [18]. Horizontal transmission from
parents is considered one of the transmission routes for exanthem subitum [19]. In addition,
infants under 2 years of age did not need to wear face masks and could maintain their social

PLOS ONE | https://doi.org/10.1371/journal.pone.0258478 October 14, 2021 8/12


https://doi.org/10.1371/journal.pone.0258478.t005
https://doi.org/10.1371/journal.pone.0258478

PLOS ONE

Pediatric emergency hospital visits in a low-COVID-19-incidence area

group life at infant daycare centers and nursery schools without physical distancing. The main-
tenance of opportunities for physical contact may account for the lack of decrease in the num-
ber of patients with status epilepticus and exanthem subitum. The number of inpatients in the
neonatal care unit did not change, indicating that the neonatal care unit was not directly
affected by the decline of infectious diseases. However, the number of pregnancies in Japan
has decreased since the start of the COVID-19 pandemic, and the number of births is expected
to decrease in the near future [20].

While infectious diseases have decreased, the number of clinical psychological interventions
has tripled. Since psychosomatic disorders are included in pediatric emergency patients, clini-
cal psychological counseling was introduced at the hospital in 2018, and its demand has been
increasing. However, the number of the latest psychological interventions notably increased
compared with the increased number in 2019. In Japan, school closures were introduced
nationwide on March 2, 2020, and continued until the end of May [21]. It has been reported
that children who have experienced social isolation by home confinement under school clo-
sure to prevent the spread of SARS-CoV-2 may be more prone to depression [22]. The number
of cases reported to the child guidance center increased slightly, but this increase is difficult to
interpret because of the low number of cases in the present study. In 2020, there were more
cases of AHT, a severe type of child abuse, with subdural hematoma and fundus hemorrhage.
Centers for Disease Control and Prevention in the United States reports that the COVID-19
pandemic has increased the proportion of patients with child abuse and neglect requiring hos-
pitalization in the emergency department [23]. We speculate that the suppression of social life
has had a significant negative impact on the psychological status of children in addition to
their parents. Maintaining the appropriate social life of children and their families to the extent
that it is possible, while taking infection control measures and physical distancing, is important
for mental health and physical development [4].

The present study has some limitations. First, the study was conducted at a single institu-
tion. Thus, children with illness might refrain from visiting the hospital or consult other hospi-
tals due to fear of acquiring SARS-CoV-2 infection. However, it is supposed that a similar
phenomenon occurred at other medical institutions because there was no epidemic of influ-
enza or RSV infection in Tokushima Prefecture [18]. Second, we were unable to investigate
how lifestyle diseases and chronic diseases changed because the pediatric emergency referral
hospital mainly treats children with acute symptoms. The number of children with lifestyle
diseases, such as obesity and hypertension, might increase due to the lack of exercise and over-
eating under social life restraint. The incidence of chronic diseases, such as kidney disease and
malignancy, might also change. Because the measures for infection control and social life con-
trol are very different in each country, the effects of the COVID-19 pandemic on the incidence
and types of disease affected is likely to differ according to the country. Further epidemiologi-
cal studies could help clarify the relationship between specific infection control measures and
the incidence and spectrum of disease.

Conclusion

With individual infection control measures and physical distancing, the number of outpa-
tients, inpatients, and the incidence of infectious diseases and indicator diseases in children
has decreased significantly in an area where the incidence of COVID-19 is low. In contrast,
both numbers of clinical psychological interventions and cases reported to the child guidance
center increased. It is necessary to maintain the quality of social life for children as much as
possible for mental health and physical development while observing infection control mea-
sures and physical distancing.

PLOS ONE | https://doi.org/10.1371/journal.pone.0258478 October 14, 2021 9/12


https://doi.org/10.1371/journal.pone.0258478

PLOS ONE

Pediatric emergency hospital visits in a low-COVID-19-incidence area

Supporting information

S1 Table. Changes in the number of outpatients by month and year: Total pediatric outpa-
tients.
(PDF)

$2 Table. Changes in the number of outpatients by month and year: Pediatric emergency
outpatients.
(PDF)

$3 Table. Changes in the number of outpatients by month and year: Referral outpatients.
(PDF)

$4 Table. Changes in the number of inpatients by month and year: General pediatric inpa-
tients.
(PDF)

S5 Table. Changes in the number of inpatients by month and year: NICU and GCU inpa-
tients.
(PDF)

S6 Table. Changes in the number of cases of influenza by month and year.
(PDF)

S7 Table. Changes in the number of cases of respiratory syncytial virus infection by month
and year.
(PDF)

$8 Table. Changes in the number of cases of infectious gastroenteritis by month and year.
(PDF)

Acknowledgments

We thank Mr. Takashi Tamaki and Mr. Kazushi Tsuruda for their excellent assistance with
data collection. We would like to thank Editage (www.editage.com) for English language
editing.

Author Contributions

Conceptualization: Koichi Shichijo, Shuji Kondo.

Data curation: Koichi Shichijo, Reiko Kondo, Shuji Kondo.
Formal analysis: Koichi Shichijo, Shuji Kondo.

Investigation: Koichi Shichijo, Shunsuke Takeuchi, Takahiro Tayama, Mikiko Takei, Keisuke
Fujioka, Akemi Ono, Miki Shono, Kenichi Suga, Takashi Kaimen, Nobuo Arima, Shuji
Kondo.

Methodology: Koichi Shichijo, Shuji Kondo.
Project administration: Koichi Shichijo, Shuji Kondo.

Resources: Koichi Shichijo, Shunsuke Takeuchi, Takahiro Tayama, Mikiko Takei, Keisuke
Fujioka, Akemi Ono, Miki Shono, Kenichi Suga, Shuji Kondo.

Software: Koichi Shichijo.

Supervision: Shuji Kondo.

PLOS ONE | https://doi.org/10.1371/journal.pone.0258478 October 14, 2021 10/12


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0258478.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0258478.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0258478.s003
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0258478.s004
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0258478.s005
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0258478.s006
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0258478.s007
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0258478.s008
http://www.editage.com/
https://doi.org/10.1371/journal.pone.0258478

PLOS ONE

Pediatric emergency hospital visits in a low-COVID-19-incidence area

Validation: Koichi Shichijo, Shuji Kondo.

Visualization: Koichi Shichijo.

Writing - original draft: Koichi Shichijo, Shuji Kondo.

Writing - review & editing: Koichi Shichijo, Kenichi Suga, Shuji Kondo.

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

Zhou P, Yang XL, Wang XG, Hu B, Zhang L, Zhang W, et al. A pneumonia outbreak associated with a
new coronavirus of probable bat origin. Nature. 2020; 579(7798):270-273. https://doi.org/10.1038/
s$41586-020-2012-7 PMID: 32015507

Prime Minister of Japan and His Cabinet. [COVID-19] Declaration of a state of emergency in response
to the novel coronavirus disease (April 7) [Cited 2021 Jan 27]. Available from: https://japan.kantei.go.jp/
ongoingtopics/_00018.html.

Prime Minister of Japan and His Cabinet. [COVID-19] The Declaration of the lifting of the state of emer-
gency in response to the novel coronavirus disease [Cited 2021 Jan 27]. Available from: https://japan.
kantei.go.jp/ongoingtopics/_00027.html.

Yamamoto T, Uchiumi C, Suzuki N, Yoshimoto J, Murillo-Rodriguez E. The psychological impact of
"mild lockdown’ in Japan during the COVID-19 pandemic: A nationwide survey under a declared state of
emergency. IntJ Environ Res Public Health. 2020; 17(24):9382. https://doi.org/10.3390/
ijerph17249382 PMID: 33333893

Ministry of Health, Labour and Welfare. Three Cs [Cited 2021 Jan 27]. Available from: https://www.
mhlw.go.jp/content/10900000/000619576.pdf.

Giamello JD, Abram S, Bernardi S, Lauria G. The emergency department in the COVID-19 era. Who
are we missing? Eur J Emerg Med. 2020; 27(4):305-306. https://doi.org/10.1097/MEJ.
0000000000000718 PMID: 32345851

Tartari F, Guglielmo A, Fuligni F, Pileri A. Changes in emergency service access after spread of
COVID19 across ltaly. J Eur Acad Dermatol Venereol. 2020; 34(8):e350-e351. https://doi.org/10.1111/
jdv.16553 PMID: 32339340

Dopfer C, Wetzke M, Scharff AZ, Mueller F, Dressler F, Baumann U, et al. COVID-19 related reduction
in pediatric emergency healthcare utilization—a concerning trend. BMC Pediatr. 2020; 20(1):427. https:/
doi.org/10.1186/s12887-020-02303-6 PMID: 32894080

Tokushima Prefecture webpage: Tokushima Prefecture Estimated population by age [Japanese] [Cited
2021 Jan 30]. Available from: https://www.pref.tokushima.lg.jp/statistics/year/nenrei/.

Public information about COVID-19 released in Tokushima Prefecture webpage [Japanese] [Cited
2021 Jan 30]. Available from: https://www.pref.tokushima.lg.jp/jigyoshanokata/kenko/kansensho/
5042728/.

WHO. COVID-19 Weekly Epidemiological Update [Cited 2021 Jan 21]. Available from: https://www.
who.int/emergencies/diseases/novel-coronavirus-2019/situation-reports.

Ministry of Health, Labour and Welfare. Visualizing the data: information on COVID-19 infections [Cited
2021 Jan 21]. Available from: https://covid19.mhlw.go.jp/en/.

Kuitunen |, Artama M, Mékela L, Backman K, Heiskanen-Kosma T, Renko M. Effect of social distancing
due to the COVID-19 pandemic on the incidence of viral respiratory tract infections in children in Finland
during early 2020. Pediatr Infect Dis J. 2020; 39(12):e423—e427. https://doi.org/10.1097/INF.
0000000000002845 PMID: 32773660

Olsen SJ, Azziz-Baumgartner E, Budd AP, Brammer L, Sullivan S, Pineda RF, et al. Decreased influ-
enza activity during the COVID-19 pandemic—United States, Australia, Chile, and South Africa, 2020.
Am J Transplant. 2020; 20(12):3681-3685. https://doi.org/10.1111/ajt.16381 PMID: 33264506

Bautista-Rodriguez C, Sanchez-de-Toledo J, Clark BC, Herberg J, Bajolle F, Randanne PC, et al. Multi-
system inflammatory syndrome in children: An international survey. Pediatrics. 2021; 147(2):
2020024554, https://doi.org/10.1542/peds.2020-024554 PMID: 33234669

Rowley AH. Is Kawasaki disease an infectious disorder? Int J Rheum Dis. 2018; 21(1):20-25. https://
doi.org/10.1111/1756-185X.13213 PMID: 29105346

Lin CF, Huang YH, Cheng CY, Wu KH, Tang KS, Chiu IM. Public health interventions for the COVID-19
pandemic reduce respiratory tract infection-related visits at pediatric emergency departments in Tai-
wan. Front Public Health. 2020; 8:604089. https://doi.org/10.3389/fpubh.2020.604089 PMID:
33392141

PLOS ONE | https://doi.org/10.1371/journal.pone.0258478 October 14, 2021 11/12


https://doi.org/10.1038/s41586-020-2012-7
https://doi.org/10.1038/s41586-020-2012-7
http://www.ncbi.nlm.nih.gov/pubmed/32015507
https://japan.kantei.go.jp/ongoingtopics/_00018.html
https://japan.kantei.go.jp/ongoingtopics/_00018.html
https://japan.kantei.go.jp/ongoingtopics/_00027.html
https://japan.kantei.go.jp/ongoingtopics/_00027.html
https://doi.org/10.3390/ijerph17249382
https://doi.org/10.3390/ijerph17249382
http://www.ncbi.nlm.nih.gov/pubmed/33333893
https://www.mhlw.go.jp/content/10900000/000619576.pdf
https://www.mhlw.go.jp/content/10900000/000619576.pdf
https://doi.org/10.1097/MEJ.0000000000000718
https://doi.org/10.1097/MEJ.0000000000000718
http://www.ncbi.nlm.nih.gov/pubmed/32345851
https://doi.org/10.1111/jdv.16553
https://doi.org/10.1111/jdv.16553
http://www.ncbi.nlm.nih.gov/pubmed/32339340
https://doi.org/10.1186/s12887-020-02303-6
https://doi.org/10.1186/s12887-020-02303-6
http://www.ncbi.nlm.nih.gov/pubmed/32894080
https://www.pref.tokushima.lg.jp/statistics/year/nenrei/
https://www.pref.tokushima.lg.jp/jigyoshanokata/kenko/kansensho/5042728/
https://www.pref.tokushima.lg.jp/jigyoshanokata/kenko/kansensho/5042728/
https://www.who.int/emergencies/diseases/novel-coronavirus-2019/situation-reports
https://www.who.int/emergencies/diseases/novel-coronavirus-2019/situation-reports
https://covid19.mhlw.go.jp/en/
https://doi.org/10.1097/INF.0000000000002845
https://doi.org/10.1097/INF.0000000000002845
http://www.ncbi.nlm.nih.gov/pubmed/32773660
https://doi.org/10.1111/ajt.16381
http://www.ncbi.nlm.nih.gov/pubmed/33264506
https://doi.org/10.1542/peds.2020-024554
http://www.ncbi.nlm.nih.gov/pubmed/33234669
https://doi.org/10.1111/1756-185X.13213
https://doi.org/10.1111/1756-185X.13213
http://www.ncbi.nlm.nih.gov/pubmed/29105346
https://doi.org/10.3389/fpubh.2020.604089
http://www.ncbi.nlm.nih.gov/pubmed/33392141
https://doi.org/10.1371/journal.pone.0258478

PLOS ONE

Pediatric emergency hospital visits in a low-COVID-19-incidence area

18.

19.

20.

21.

22,

23.

Tokushima Prefecture webpage: Changes in the number of reports from sentinel sites [Japanese]
[Cited 2021 Jan 30]. Available from: https://www.pref.tokushima.lg.jp/ippannokata/kenko/kansensho/
2009090201227/.

Agut H, Bonnafous P, Gautheret-Dejean A. Update on infections with human herpesviruses 6A, 6B,
and 7. Med Mal Infect. 2017; 47(2):83-91. https://doi.org/10.1016/j.medmal.2016.09.004 PMID:
27773488

Ministry of Health, Labour and Welfare: notification of pregnancy in 2020 [Japanese] [Cited 2021 Jan
29]. Available from: https://www.mhlw.go.jp/stf/newpage_14095.html.

Ministry of Education, Culture, Sports, Science and Technology. Information on MEXT’s measures
against COVID-19 [Cited 2021 Jan 27]. Available from: https://www.mext.go.jp/en/mext_00006.html.

Xie X, Xue Q, Zhou Y, Zhu K, Liu Q, Zhang J, et al. Mental health status among children in home con-
finement during the coronavirus disease 2019 outbreak in Hubei Province, China. JAMA Pediatr. 2020;
174(9):898-900. https://doi.org/10.1001/jamapediatrics.2020.1619 PMID: 32329784

Swedo E, Idaikkadar N, Leemis R, Dias T, Radhakrishnan L, Stein Z, et al. Trends in U.S. emergency
department visits related to suspected or confirmed child abuse and neglect among children and ado-
lescents aged <18 years before and during the COVID-19 pandemic—United States, January 2019—
September 2020. MMWR Morb Mortal Wkly Rep. 2020; 69(49):1841-1847. https://doi.org/10.15585/
mmwr.mm6949a1 PMID: 33301436

PLOS ONE | https://doi.org/10.1371/journal.pone.0258478 October 14, 2021 12/12


https://www.pref.tokushima.lg.jp/ippannokata/kenko/kansensho/2009090201227/
https://www.pref.tokushima.lg.jp/ippannokata/kenko/kansensho/2009090201227/
https://doi.org/10.1016/j.medmal.2016.09.004
http://www.ncbi.nlm.nih.gov/pubmed/27773488
https://www.mhlw.go.jp/stf/newpage_14095.html
https://www.mext.go.jp/en/mext_00006.html
https://doi.org/10.1001/jamapediatrics.2020.1619
http://www.ncbi.nlm.nih.gov/pubmed/32329784
https://doi.org/10.15585/mmwr.mm6949a1
https://doi.org/10.15585/mmwr.mm6949a1
http://www.ncbi.nlm.nih.gov/pubmed/33301436
https://doi.org/10.1371/journal.pone.0258478

